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ABSTRACT 



Objectives: Infant formulas provide more protein than breast milk. High 
protein intakes, as well as maternal obesity, are risk factors for later obesity. 
The present study tested whether a formula with lower protein content 
slows weight gain of infants of overweight mothers (body mass index 
[BMI] > 25 kg/m 2 ). 

Methods: In a randomized double-blind study infants of overweight 
mothers received from 3 months an experimental (EXPL) formula with 
1.65 g of protein/100 kcal (62.8 kcal/100 mL) and containing probiotics, or a 
control (CTRL) formula with 2.7 g of protein/100 kcal (65.6 kcal/100 mL). 
Breast-fed infants were studied concurrently. Primary assessment was 
between 3 and 6 months, although formulas were fed until 12 months. 
Biomarkers of protein metabolism (blood urea nitrogen, insulin growth 
factor- 1, insulinogenic amino acids) were measured. 
Results: Infants fed the low-protein EXPL formula gained less weight 
between 3 and 6 months (- 1 .77 g/day, P = 0.024) than infants fed the CTRL 
formula. In the subgroup of infants of mothers with BMI > 30 kg/m 2 the 
difference was -4.21 g/day (P = 0.017). Weight (P = 0.011) and BMI 
(P = 0.027) of EXPL infants remained lower than that of CTRL infants 
until 2 years but were similar to that of breast-fed infants. Blood urea 
nitrogen, insulin growth factor- 1 , and insulinogenic amino acids at 6 months 
were significantly lower in EXPL compared with CTRL. 
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Conclusions: A low-protein formula with probiotics slowed weight gain 
between 3 and 6 months in infants of overweight mothers. Weight gain and 
biomarkers were more like those of breast-fed infants. 

Key Words: anthropometry, biomarkers, body composition, growth, low- 
protein formula, overweight mothers 

(JPGN 2014;59: 70-77) 

Rapid growth, in particular rapid weight gain in infancy, is 
associated with later overweight and obesity (1-8). Although 
causality is not established in this association, it is nevertheless 
conceivable that by slowing down rapid weight gain in infancy, a 
reduction of the risk of later obesity may be achieved (9). Among 
measures that could slow down weight gain in infancy and poten- 
tially reduce the risk of later obesity, a reduction in protein intake 
appears promising. 

Protein needs of infants decrease appreciably during the first 
year of life (10). During the first few months, breast milk alone and 
subsequently breast milk with complementary foods are presumed 
to meet the protein needs of infants. The protein content of 
human milk, which may be as high as 2.09 g/100 kcal in the 
first month after birth, is 1.28 g/100 kcal at 3 to 4 months (11) 
and approximately 1.24 g/100 kcal by 9 to 12 months. This 
suggests that formulas fed after 3 months should contain no less 
than 1.30 g/100 kcal of a high-quality protein. The lower regulatory 
limit for protein content of formulas (0-12 months) in the European 
Union (EU) and the United States is 1 .8 g/100 kcal. In actuality, the 
protein content of formulas typically exceeds these levels, especi- 
ally in the case of follow-on formulas. In the European Obesity 
Project (12), the protein concentration of the lower-protein formula 
(2.20 g/100 kcal) fed from 5 months on exceeded the lower limit in 
EU countries. Protein intakes in the later parts of infancy have been 
found in several localities to be high and to exceed required intakes 
(13-16). Epidemiologic evidence links high protein intakes in 
infancy to obesity in childhood (16-19). Also, high protein intakes 
have been shown in prospective studies to lead to increased weight 
gain and higher adiposity in infancy (12) and childhood (20). Lower 
protein intake from breast milk than from formula may be 
among the reasons why breast-fed (BF) infants are at lower risk 
for obesity later in life, as the preponderance of the evidence 
indicates (7,21-23). For all of these reasons, reducing the protein 
intake during infancy may reduce the risk of later obesity. 

The present study tested a bovine whey-based formula 
with a protein content of 1.65 g/100 kcal, which is below the 
regulatory lower limit in Europe and the United States. Because 
protein levels < 1 .80 g/100 kcal have not been studied before, we 
reduced the protein level by only 9% below the regulatory level. 
The formula was fed after 3 months of age. The offspring of 
overweight and obese women are at increased risk for overweight 
later in life (7,24-3 1) and show accelerated growth already during 
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infancy (32). Therefore, any measure that could reduce the risk of 
later obesity would be of particular importance for infants born to 
overweight mothers. 

METHODS 

Study Design 

The study was designed to test the hypothesis that a formula 
with a protein content of 1.65 g/100 kcal and a caloric density of 
62.8 kcal/100 mL that contains added probiotics (Lactobacillus 
PR and Bifidobacterium lactis) (EXPL [experimental] formula) 
leads to slower growth between 3 and 6 months of age than a 
formula with a protein content of 2.70 g/100 kcal and standard 
caloric density of 65.6 kcal/100 mL without probiotics (CTRL 
[control] formula). Furthermore, it was hypothesized that the 
lower-protein formula would lead to biomarkers of protein metab- 
olism that were closer to those of BF infants. A secondary 
objective of the study was to establish that the formula with 
protein content 1.65 g/100 kcal supports normal growth. The 
hypothesis was tested in a double-blind trial in which formula- 
fed infants were at 3 months randomly assigned to 1 of the study 
formulas, which was to be fed exclusively until 6 months and with 
complementary foods until 12 months. A reference group of BF 
infants was studied in identical fashion. Growth was monitored 
until 24 months and formula consumption was determined period- 
ically until 9 months. The study protocol was reviewed and 
approved by the ethical committee of Regional Health Service, 
IX Region de la Araucam'a, Chile. 

The age period from 3 to 6 months was treated as the primary 
study period, with growth during that period designated as the 
primary outcome because during that period the study formulas 
were the near-exclusive source of nutrients. Absence of comp- 
lementary foods was considered important for an evaluation of the 
adequacy of the formulas. 

Sample Size Calculation 

Sample size was estimated assuming that a difference in 
weight gain of 2 g/day is clinically relevant. According to the 
World Health Organization (WHO) Child Growth Standards (33), 
weight gain between 3 and 6 months averages 17 g/day, with a 
standard deviation of approximately 4 g/day (boys and girls). To 
detect a difference of 2 g/day with a type I error (a) of 5% (2-sided 
test) and power of 80%, 64 infants were needed in each arm of the 
formula trial. With an expected dropout rate of approximately 30%, 
a total of 1 82 formula- fed infants needed to be enrolled. For the BF 
reference group similar considerations indicated that 91 infants 
needed to be enrolled. As the study progressed, it became clear that 
the actual dropout rate was <30% and enrollment was stopped 
when it could be expected that at least 64 infants per group would 
reach 6 months. 

Subjects 

Pregnant women attending the maternity facilities associated 
with the Universidad de La Frontera were, under the supervision 
of the principal investigator (J.I.), screened. If their (self-reported 
and/or medical records) prepregnancy body mass index (BMI) was 
>25 kg/m 2 , they were informed about the study. Medical and other 
information about the mothers was obtained from hospital records 
or from the mothers directly. At birth the infant was assessed and 
was offered study participation if he or she met the study inclusion 
criteria (birth weight >2500 g and <4800 g, gestational age 
>37 weeks and <42 weeks) and did not meet the exclusion criteria 
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(weight <5th percentile for gestational age, maternal diabetes, 
including gestational-onset diabetes, >5 cigarettes per day during 
pregnancy, use of illicit drugs, or presence of chronic inflammatory 
condition). Infants with congenital illnesses or malformations that 
may affect growth were excluded, as were infants who required 
hospitalization for >2 days. 

Of 330 infants screened, 305 were enrolled at birth (N = 302) 
or between 5 and 31 days of age (N = 3). Mothers provided written 
informed consent at the time of enrollment. Most infants were BF 
when they left the hospital. All of the mothers received breast- 
feeding consultation during their visits in the study center. At 
1.5 months of age, approximately 80% of infants were exclusively 
or partially BF. Whenever mothers chose to discontinue breast- 
feeding, a whey-based infant formula (NAN 1; protein 1.8 g/100 
kcal, 67 kcal/100 mL [Nestle Ltd, Vevey, Switzerland]) was 
provided. At 3 months of age, infants who were predominantly 
BF (no more than 1 formula feeding per day) were assigned to the 
BF reference group (n = 76). Predominantly formula-fed infants 
were randomly assigned to 1 of the study formulas, that is, to EXPL 
formula (n = 86) or CTRL formula (n = 86). 

The flow of subjects in the intention-to-treat (ITT) popu- 
lation through 12 months is shown in Figure 1. Formula-fed infants 
were withdrawn from the study because mothers objected to blood 
draws (n = 2), infants did not accept study formulas (n = 2), and 
mothers wished to continue mixed feeding (formula + breast- 
feeding) (n=14). An additional 12 formula-fed infants left the 
study for reasons unrelated to the study. Although somewhat more 
EXPL infants (n = 20) left the study before 6 months than CTRL 
infants (n= 10), there was not a single cause that explained the 
difference. Four BF infants were withdrawn because mothers 
wished to continue mixed feeding. A total of 170 infants (56 BF, 
50 EXPL, and 64 CTRL) in the ITT sample were studied up to 
24 months. In the per-protocol (PP) sample there were at 6 months 
55 infants in EXPL and 68 in CTRL; at 12 months there were 47 in 
EXPL and 60 in CTRL. 



Study Feedings 

Composition of the study formulas is indicated in 
supplementary Table SI (http://links.lww.com/MPG/A304). Both 
formulas were produced especially for the present trial. The 
formulas differed in protein content, which was 1.65 g/100 kcal 
in the EXPL formula and 2.70 g/100 kcal in the CTRL formula. 
Protein was provided by intact bovine milk proteins with a whey- 
to-casein ratio of 60:40. Details of the protein composition in the 
EXPL formula are presented in Table SI. Because of reported 
beneficial effects that probiotics confer on infants (34-36), the 
EXPL formula contained 2 x 10 7 cfu/g formula powder of each of 
the probiotic strains Lactobacillus PR and B lactis (Bbl2); the 
CTRL formula did not contain probiotics. Levels of minerals, 
vitamins, and trace elements in the study formulas corresponded 
to the recommendations of the Codex Alimentarius (37) for infant 
and follow-up formulas. The formulas were provided in powder 
form. Parents were requested not to feed any other formula and 
not to start complementary foods until 6 months. The study 
formulas were provided free of charge until 12 months. The tins 
were labeled with color codes (2 colors for each formula); the 
identity of the formulas was unknown to the parents, study staff, 
and investigators, and was known only to the manufacturer. BF 
infants could at study entry (3 months) receive up to 1 formula 
feeding per day. Parents were requested to withhold complemen- 
tary feedings until 6 months. After 6 months, whenever the mother 
chose to discontinue breast-feeding, a commercially available 
follow-up formula (NAN 2) was provided until 12 months of 
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FIGURE 1. Flow of subjects in the intention-to-treat (ITT) population. 



age that had a protein content of 2.4 g/100 kcal and a caloric 
density of 67 kcal/100 mL. 

Study Procedures 

After enrollment infants were seen within 5 days of age 
1.5 months and subsequent study visits took place within 7 days of 
ages 3, 4, 6, 9, and 12 months and within 14 days of age 24 months. 
At birth, anthropometric data were obtained from hospital records. 
At study visits, anthropometry was performed and an interval 
medical history was obtained. 

At the 3-month visit, formula-fed infants were randomly 
assigned to EXPL formula or CTRL formula using the Internet- 
based randomization system, TrialSys. Stratification factors were 
sex, ethnicity (white/other), prepregnancy BMI of the mother (25- 
30, >30 kg/m 2 ), and type of feeding between 1.5 and 3 months 
(formula exclusively or formula and breast). At study visits, a 
supply of study formula was dispensed that was expected to last 
until the next study visit. 

Anthropometry: During study visits, weight without clothes 
was determined to the nearest 10 g using calibrated electronic scales 
(Sartorius, Gottingen, Germany). Recumbent length was measured 
by 2 measurers using a measuring board with fixed head board and 
movable foot board (infant stadiometer) and was recorded to the 
nearest 1 mm. Head circumference was measured using a non- 
stretchable measuring tape to the nearest 1 mm. All measurements 
were obtained in duplicate and the average was used. Body com- 
position measurements at 12 to 13 months were performed using a 
DXA Lunar Prodigy Advance with software EnCore version 13.6 
(both GE Healthcare, Madison, WI). 

Dietary intake: Intake of formula (quantitative) and con- 
sumption of complementary foods (semiquantitatively) were 
recorded by the parents on hand-held diaries for 3 days before 
the visits at 3, 4, 6, and 9 months of age. At study visits, records were 
checked for completeness and ambiguities were resolved. 
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Serum (plasma) biomarkers: Venous blood was obtained 
during visits at 3, 6, and 12 months. Blood was drawn >1.5 hours 
after the previous meal. Blood was drawn into heparinized (for 
amino acid determinations) and EDTA-containing (for ghrelin 
determinations) tubes or plain tubes (for all other determinations). 
Determinations were performed by the Central Laboratory in 
Temuco unless noted otherwise. Determinations of insulin growth 
factor- 1, C-peptide, and leptin were performed by ELISA using kits 
from ALPCO (ALPCO Diagnostics, Salem, NH). Determination of 
insulin was performed by Microplate Enzymatic Immuno-Assay 
(Insulin Assay; Axsym, Abbott, Abbott Park, IL). Ghrelin was 
determined by enzyme immunometric assay (ALPCO) at the Nestle 
Research Center, Lausanne, Switzerland. Amino acids were deter- 
mined using the EZ:Faast-Free Amino Acid kit (Phenomenex, 
Torrance, CA) and gas chromatography at Fleury Laboratory, 
Sao Paulo, Brazil. 



Data Processing and Statistical Analysis 

Data were analyzed on an ITT basis and also on a PP basis. 
Results based on ITT analysis are presented unless otherwise 
specified. Inclusion in the PP sample required that infants consumed 
study formula from 3 to 6 months exclusively, which was defined as 
no breast-feeding indicated in the diaries at 4 and 6 months, 
nonstudy formula < 1 bottle/week or fewer than 3 full consecutive 
days, and consumption of solid foods <4 teaspoons/day until 
4 months and <1 serving/day thereafter. Subjects were also 
excluded from PP evaluation if they were hospitalized for more 
than 3 days or received treatment with oral corticosteroids for 
>15 days. 

Weight gain (g/day) between 3 and 6 months (primary out- 
come variable), 6 and 12 months, 12 and 24 months, 3 and 
12 months, and 3 and 24 months was calculated as the difference 
in weight divided by the exact number of days between 
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measurements. Weight gain between 3 and 6 months of formula-fed 
infants was also calculated separately for infants with weight >75th 
percentile at 3 months, for infants whose mother had a BMI > 30 kg/ 
m 2 , and for infants with both of these characteristics. Differences 
between groups were compared by t test (primary outcome only) 
and also by ANCOVA correcting for infant weight at 3 months, 
maternal BMI (kg/m 2 ), sex (male/female), ethnicity (white/other), 
antibiotic use, and complementary food before 6 months. Decisions 
on covariates were made before the code was broken. 

z scores for weight, length, BMI, and head circumference at 
3 to 24 months were derived based on the WHO 2006 Child Growth 
Standards (38). Baseline values (3 months) of z scores were 
compared using ANCOVA correcting for maternal BMI (kg/m 2 ), 
sex (male/female), and ethnicity. Longitudinal comparison of 
weight, length, BMI, and head circumference and of the corre- 
sponding z scores (4-24 months) were performed by a mixed model 
to test for different time trends (39). Fixed effects were the 
correction factors used in the ANCOVA along with visits, treatment, 
and visit x treatment. Random effect was subject. The percentage of 
infants in EXPL and CTRL with weight >90th percentile of the 
WHO Standards at 3, 6, and 12 months was compared by calculat- 
ing odds ratios (ORs) and 95% confidence intervals (CIs) by 
logistic regression. 

Serum biomarkers that showed lognormal distribution were 
analyzed after logarithmic transformation, but data are presented as 
arithmetic means and standard deviations. Only PP data are pre- 
sented because biochemical parameters are strongly influenced by 
nutritional intake. Plasma amino acid concentrations were com- 
pared by ANCOVA correcting for maternal BMI. Comparisons of 
biomarkers were performed by ANCOVA correcting for values at 
3 months. Body composition data were compared by the 2-sample 
t test. Intakes (volume, energy) were compared by ANCOVA 
correcting for intakes at 3 months. 

RESULTS 

Characteristics of mothers and infants are presented in 
supplementary Table S2 (http://links.lww.com/MPG/A305). Study 
infants were born between October 2007 and September 2009. 
Differences between groups were small and not statistically sig- 
nificant, except that mothers of BF infants were less likely to smoke 



during pregnancy but were more likely to consume alcohol than 
mothers of formula-fed infants. Infant anthropometric data at birth 
were similar for all 3 groups. 

Weight gain between 3 and 6 months, the primary study 
outcome, was significantly lower in EXPL than in CTRL. The 
difference was -1.77 g/day (95% CI -3.29 to -0.24, P= 0.024, 
t test) in the ITT sample (Table 1 , top panel). In the PP sample (data 
not shown) the difference was —1.85 g/day (95% CI —3.46 to 
-0.24, P = 0.025). After correcting for covariates by ANCOVA, 
the difference remained significant for the period 3 to 6 months 
(lower panel of Table 1). The difference in weight gain between 
3 and 6 months was almost entirely explained by the strong effect in 
infants whose weight was >75th percentile at 3 months. In that 
subgroup (EXPL N = 22, CTRL N = 28), the difference was 
-3.70 g/day (95% CI -6.69 to -0.70, P = 0.016). In the subgroup 
of infants whose mothers had a BMI>30 kg/m 2 (EXPL N = 21, 
CTRL N = 21), the difference was -4.21 g/day (95% CI -7.75 to 
-0.81, P = 0.017). In infants with both characteristics (EXPL 
N = 6; CTRL N = 7), the difference was as large as —8.34 g/day 
(CI -16.05 to -0.63, P = 0.035). Weight gain of EXPL was not 
significantly different from that of BF throughout the study, but 
weight gain of CTRL was higher than that of BF for most time 
intervals (Table 1). 

Weight predicted by the longitudinal analysis is shown in 
Figure 2. Overall, in the longitudinal analysis the difference in 
weight between EXPL and CTRL was statistically significant 
in both the ITT and the PP samples (P = 0.022). Weight-for-age 
z scores (Table 2) of EXPL and CTRL were not significantly 
different at 3 months, but z scores of BF were significantly higher. 
After 3 months weight-for-age z scores began to differ between 
EXPL and CTRL; the difference was statistically significant at 
9 months and continued to increase until 24 months. The differences 
in z scores at 12 and 24 months corresponded to weight differences 
of 316 and 446 g, respectively. Differences between EXPL and BF 
between 6 and 24 months were not significant. On the contrary, 
differences between CTRL and BF were statistically significant 
between 9 and 24 months of age. The percentage of infants whose 
weight was >90th percentile of the WHO standards was similar in 
EXPL and CTRL at 3 months (OR 1 .0, 95% CI 0.4-2.5) but at 6 and 
9 months it was significantly lower in EXPL than in CTRL. The 
percentages at 6 months were 10.6% in EXPL and 22.4% in CTRL 



TABLE 1 . Weight gain (g/day) and comparison between groups by ANCOVA 



Age, mo 


EXPL 




CTRL 




BF 




3-6 


18.97±4.19* 




20.74 ±5.01 




20.07 ±5.79 




6-12 


10.97 ±3.05 




12.13 ± 3.03 




10.18±3.85 




12-24 


7.65 ±2.23 




8.02 ±2.64 




7.89 ±2.99 




3-12 


13.64 ±2.65 




15.01 ±2.74 




13.44 ±3.43 




3-24 


10.19± 1.68 




11.00± 1.74 




10.29 ±2.58 






EXPL vs CTRL 




EXPL vs BF 




CTRL vs BF 






Difference* (95% CI) 


P 


Difference* (95% CI) 


P 


Difference* (95% CI) 


P 


3-6 


-2.26 (-3.88 to -0.64) 


0.006 


-0.72 (-2.46 to 1.01) 


0.411 


1.54 (-0.13 to 3.21) 


0.071 


6-12 


-0.88 (-2.10 to 0.35) 


0.159 


0.77 (-0.50 to 2.05) 


0.233 


1.65 (0.45-2.85) 


0.007 


12-24 


-0.40 (-1.42 to 0.62) 


0.435 


-0.27 (-1.34 to 0.80) 


0.621 


0.13 (-0.87 to 1.14) 


0.791 


3-12 


-1.34 (-2.42 to -0.26) 


0.015 


0.33 (-0.80 to 1.45) 


0.569 


1.66 (0.60-2.72) 


0.002 


3-24 


-0.86 (-1.64 to -0.08) 


0.031 


-0.11 (-0.93 to 0.71) 


0.798 


0.75 (-0.01 to 1.52) 


0.054 



ANCOVA = analysis of covariance; BF = breast-fed; BMI = body mass index; CI = confidence interval; CTRL = control; EXPL = experimental. 
Mean ± standard deviation. 

* Differences between groups estimated by ANCOVA (correction for maternal BMI, weight z score at 3 months, infant sex, ethnicity, antibiotic intake, and 
complementary food intake <6 months). 
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FIGURE 2. Weight at 4 to 24 months (ITT population) as predicted by 
the longitudinal analysis using the mixed model (39). Vertical bars 
indicate SE. EXPL vs CTRL P= 0.01 1 ; BF vs CTRL P< 0.001 ; BF vs EXPL 
nonsignificant. CTRL = control; EXPL = experimental; ITT — intention- 
to-treat; SE = standard error. 

(OR 5.3, 95% CI 1.2-23.5) and at 12 months were 18.5% and 
3 1.8% (OR 3.6, 95% CI 1 . 1 - 1 1 .2). The number needed to treat was 
8, meaning that 8 infants would need to be fed the EXPL formula to 
prevent 1 formula-fed infant from exceeding the 90th percentile at 
6 or 12 months. 

Length-for-age z scores (supplementary Table S3, http:// 
links.lww.com/MPG/A306) were at 3 months significantly lower 
in the 2 formula groups compared with the BF group. Subsequently, 
with correction for length at 3 months, differences were not 
significant between 6 and 24 months. Mean head circumference 



z scores (data not shown) were above the corresponding WHO 
standards at all ages for all groups and standard deviations were < 1 . 
Differences in head circumference z scores between EXPL and BF 
were not significant. Length and head circumference, as predicted 
by the longitudinal analysis, showed no differences between the 
3 groups (data not shown). 

BMI predicted by the longitudinal analysis (Fig. 3) was 
significantly lower in EXPL and BF than in CTRL (EXPL vs 
CTRL P = 0.027, PP). BMI of EXPL and BF did not differ 
significantly and, at 24 months, were almost identical. BMI-for- 
age z scores at 3 months (supplementary Table S4, http://links.lww. 
com/MPG/A307) were not significantly different in EXPL com- 
pared with CTRL; however, at subsequent ages, BMI z scores were 
lower in EXPL than in CTRL; and at 12 and 24 months, the 
difference reached statistical significance. Also, at 12 and 
24 months, BMI z scores of BF were significantly lower than those 
of CTRL. Notably, mean BMI z scores of all 3 groups were greater 
than zero and increased between 3 and 24 months, indicating 
progressively greater BMI compared with the WHO standards. 

Results for serum biomarkers are summarized in Table 3. 
Blood urea nitrogen showed significant differences only at 6 
months when concentration was lowest in BF and highest in CTRL, 
with EXPL showing intermediate levels. At 12 months, blood urea 
nitrogen concentrations were no longer significantly different. 
Insulin growth factor- 1 concentration at 6 months was significantly 
lower in EXPL and BF compared with CTRL. Plasma concen- 
trations of essential amino acids and tyrosine at 6 months of age are 
presented in supplementary Table S5 (http://links.lww.com/MPG/ 
A308). Concentrations of the insulinogenic amino acids leucine, 
isoleucine, and valine were significantly lower in EXPL than in 
CTRL, but none of the other amino acids showed significant 
differences between EXPL and CTRL. In BF infants concentrations 
of most amino acids were appreciably lower than in formula-fed 
infants. The exceptions were histidine and threonine, where con- 
centrations were similar, and glutamine and serine, where concen- 
trations were higher in BF than in the formula groups. 

Body composition was determined in a subset of subjects at 
12 months of age. Data are summarized in supplementary Table S6 
(http://links.lww.com/MPG/A309). Differences in fat mass and in 
lean mass were not statistically significant. Bone mineral content 
was lower in EXPL than in CTRL, but when expressed per unit of 
lean body mass, the difference was not statistically significant. 



TABLE 2. Weight-for-age z scores and comparison between groups by ANCOVA at age 3 months and a mixed longitudinal model at other ages 



Age, mo 



EXPL 



CTRL 



BF 



3 


0.24 ±0.91* 




0.22 ±0.89 




0.67 ±0.82 




6 


0.37 ±0.73 




0.54 ±0.95 




0.89± 1.03 




9 


0.59 ±0.78 




0.80 ±0.99 




1.00 ±0.99 




12 


0.58±0.81 




0.88±0.88 




0.90 ±0.96 




24 


0.62 ±0.79 




0.91 ±0.93 




0.89± 1.06 






EXPL vs CTRL 




EXPL vs BF 




CTRL vs BF 






Difference 1 (95% CI) 


P 


Difference 1 (95% CI) 


P 


Difference 1 (95% CI) 


P 


3 


0.03 (-0.23 to 0.29) 


0.845 


-0.39 (-0.67 to -0.12) 


0.005 


-0.42 (-0.69 to -0.15) 


0.003 


6 


-0.16 (-0.35 to 0.02) 


0.078 


-0.07 (-0.26 to 0.13) 


0.508 


0.10 (-0.09 to 0.29) 


0.302 


9 


-0.22 (-0.41 to -0.03) 


0.022 


0.04 (-0.16 to 0.24) 


0.665 


0.27 (0.07-0.46) 


0.006 


12 


-0.31 (-0.50 to -0.11) 


0.002 


0.16 (-0.05 to 0.36) 


0.128 


0.46 (0.27-0.66) 


<0.001 


24 


-0.33 (-0.53 to -0.13) 


0.001 


0.17 (-0.04 to 0.38) 


0.104 


0.50 (0.30-0.70) 


<0.001 



ANCOVA = analysis of covariance; BF = breast-fed; CI = confidence interval; CTRL = control; EXPL = experimental. 
Mean ± standard deviation. 

' Differences between groups estimated by ANCOVA at age 3 months and by a mixed model (39) at other ages. 
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24 



FIGURE 3. BMI at 4 to 24 months (ITT population) as predicted by 
the longitudinal analysis using the mixed model (39). Vertical bars 
indicate SE. EXPL vs CTRL P= 0.027; BF vs CTRL P< 0.001; BF vs 
EXPL nonsignificant. BMI = body mass index; CTRL = control; EXPL = 
experimental; ITT = intention-to-treat; SE = standard error. 



Formula intake (milliliters per day) (supplementary Table 
S7, http://links.lww.com/MPG/A310) as recorded by parents was 
not significantly different in EXPL compared with CTRL between 
4 and 9 months; however, calculated energy intakes were almost 
identical at 4 and 6 months. Protein intakes showed large and highly 
significant differences between EXPL and CTRL. 



DISCUSSION 

The dual purpose of the present study was to determine 
whether in infants of overweight mothers a whey-based formula 
with lower protein and energy content decreases weight gain, and 
whether the lower protein intake still meets the needs of infants. The 
study was conducted in infants of overweight mothers because these 
infants are at increased risk for overweight later in life and may 
particularly benefit from slowed growth. 



The experimental formula used in this randomized double- 
blind trial had a protein content of 1 . 65 g/ 1 00 kcal, which was lower 
than that of currently available formulas and lower than the 
regulatory limits in the EU and the United States. The protein 
content was still well above 1.30 g/100 kcal, which is the protein 
content considered adequate for infants beyond 3 months of age 
(10,11) and the amino acid profile of the formula corresponded to 
that of human milk. Formulas with protein content < 1.8 g/100 kcal 
have not been evaluated in infants of this age. 

The main finding of the present study was that feeding the 
EXPL formula had the effect of slowing down rapid weight gain 
between 3 and 6 months compared with the CTRL formula. The 
finding could also be interpreted as showing that the higher protein 
intake provided by the CTRL formula was accelerating weight gain. 
Either way, the EXPL formula prevented accelerated weight gain. It 
is likely that the growth-slowing effect of the EXPL formula was 
because of its lower protein content. The presence of the 2 probiotic 
strains (B lactis and Lactobacillus PR) was highly unlikely to have 
had an effect on weight gain. Other studies and committee 
statements have clearly shown that the 2 selected probiotic strains 
did not affect growth (40-42). Probiotics were added to the EXPL 
formula because of the reported beneficial effects they confer on 
infants (34-36). Similarly, the small difference in energy density of 
2.8 kcal/100 mL was highly unlikely to have affected growth as 
recorded energy intakes were nearly identical. 

It is of note that the preventive effect of the EXPL formula 
occurred mainly in infants of obese women and in infants with 
weight >75th percentile. These are the groups of infants presumed 
to be at particularly high risk of later obesity. Infants born to 
overweight mothers are prone to show accelerated weight gain 
during infancy (32). Growth of infants fed EXPL was similar to that 
of BF infants. Biomarkers of protein metabolism indicated that the 
amount of protein provided by the CTRL formula exceeded the 
needs of the infants by a larger margin than the EXPL formula. In 
this regard our results are consistent with the findings of the 
European Obesity Project (43). 



TABLE 3. Serum concentrations of biomarkers (PP data set); comparisons by ANCOVA correcting for values at age 3 months 





Age, mo 


EXPL 


CTRL 


BF 


EXPL vs CTRL 


EXPL vs BF 


CTRL vs BF 


BUN, mg/dL 


3 


5.05 ±2.36* 


5.96±4.10 


3.65 ± 1.55 










6 


5.24 ±2.84 


9.27±3.10 


3.57 ±2.05 


<0.001 


<0.001 


<0.001 




12 


10.58± 15.14 


9.60 ±4. 11 


8.84 ±4.82 


0.333 


0.833 


0.243 


IGF-1, fig/L 


3 


88.1 ±52.1 


87.5 ±52.4 


80.5±51.1 










6 


76.5 ±60.0 


87.0±51.8 


59.1 ±30.6 


0.010 


0.728 


0.005 




12 


70.5 ±47.0 


77.5 ±38.1 


66.5 ±40.3 


0.050 


0.657 


0.130 


Insulin, mU/L 


3 


14.81 ±16.07 


14.13 ± 10.87 


1 1.38 ± 8.32 










6 


9.05 ±7.60 


9.49 ±7.03 


7.91 ±6.54 


0.596 


0.479 


0.212 




12 


10.70 ± 11.14 


1 1.28 ± 10.66 


7.94 ±7. 19 


0.521 


0.585 


0.220 


C-peptide, pmol/L 


3 


312.8 ± 199.3 


301.1 ±170.3 


245.1 ±155.0 










6 


285.3 ± 154.4 


242.6 ± 134.0 


214.0± 105.1 


0.070 


0.071 


0.864 




12 


365.2 ± 190.6 


368.5±237.5 


308.7 ± 197.3 


0.746 


0.115 


0.172 


Ghrelin (plasma), ng/L 


3 


528.1 ±120.2 


605.4 ±206.2 


539.9± 180.7 










6 


688.2 ±220.2 


851.9±517.6 


765.4 ±305.7 


0.260 


0.319 


0.960 


Leptin, u.g/L 


3 


6.77 ±4.28 


7.10±5.54 


8.51 ±5.53 










6 


5.61 ±4.70 


5.39 ±4.01 


7.68 ±7.99 


0.914 


0.270 


0.292 




12 


2.35 ± 1.15 


3.01 ±2.77 


3.48 ±1.76 


0.095 


0.009 


0.254 



ANCOVA = analysis of covariance; BF — breast-fed; BUN = 
IGF- 1 = insulin growth factor- 1 ; PP = per protocol. 
Mean ± standard deviation. 



blood urea nitrogen; CI = confidence interval; CTRL = control; EXPL = experimental; 



www.jpgn.org 



75 



Copyright 2014 by ESPGHAN and NASPGHAN. Unauthorized reproduction of this article is prohibited. 



Inostroza et al 



IPCN • Volume 59, Number 1, July 2014 



The other main finding of the present study was that the 
EXPL formula with a protein concentration 9% below the regu- 
latory limits supported normal growth of infants from 3 months on. 
Given that the protein content of the formula was higher than that of 
breast milk, the finding was not surprising. Nevertheless, it is an 
important finding because it establishes that a formula with this 
concentration of a high-quality protein provides an intake that 
appears to be adequate in every respect. The judgment of adequacy 
rests on the observed growth performance, which showed that 
weight-for-age z scores of all 3 groups were at all ages significantly 
greater than zero, meaning that the average weight of study infants 
was greater than the average weight of the WHO standards. EXPL 
infants were never at risk for having weight-for-age z scores < — 2.0, 
which is the WHO definition of malnutrition. Negative values for 
mean z scores for length indicated that average length of EXPL and 
CTRL was lower than the WHO mean length, whereas the length of 
BF infants tended to be greater than the WHO mean. The length of 
infants in EXPL tracked the respective WHO z score channel (38) 
until 24 months. Standard deviations of length z scores in EXPL 
infants at 6, 9, and 12 months were < 1 . The study therefore showed 
that EXPL infants were not at risk for inadequate length gain. 

The judgment of adequacy also rests on metabolic 
parameters, which were close to those of the BF group and were 
consistent with the notion that protein intakes were slightly above 
those of BF infants. In addition, body composition measurements at 
12 months of age indicated similar fat mass and fat-free mass in 
infants fed the EXPL formula and BF infants. 

High intakes of protein that are commonly observed among 
older infants (13-16) have been linked to increased risk of obesity 
in childhood in epidemiologic studies (16-19). Direct evidence for 
the growth-stimulating effect of high-protein feedings has been 
provided by the prospective, randomized trial conducted in the 
European Obesity Project (12). The feeding of a formula with high 
protein content (4.60 g/100 kcal) led to increased weight with 
evidence of increased adiposity. The protein content of the high- 
protein formula used in that trial (12) was representative of the 
traditional high protein content of formulas for older infants 
(follow-on formulas). Protein concentrations of formulas need to 
be somewhat higher than the protein concentration of human milk 
because the quality of formula protein may be somewhat less than that 
of human milk protein. The concentration of 1 .65 g/1 00 kcal was still 
well above the required level of 1.30 g/100 kcal and could thus be 
expected to support normal growth. The protein content of infant 
formulas has successfully been lowered to 1.80 to 1.90 g/100 kcal; 
this has been shown to support normal growth in the first 4 months of 
life (44-46). 

The present study was conducted among infants at increased 
risk of obesity later in life because of having an overweight or obese 
mother (7,24-32). It is therefore necessary to exercise caution 
before generalizing the present findings to all infants regardless of 
the weight status of their mothers; however, the fact that our 
findings agree closely with those of Koletzko et al (12) suggests 
that the present findings may be generalizable. Nevertheless, to 
establish safety and efficacy of the low-protein formula for the 
general infant population, studies are needed of infants of nonobese 
mothers conducted in countries other than Chile. 

The study had some limitations. It would have been desirable 
for both formulas to have the exact same caloric density and for 
each formula to contain probiotics. As mentioned above, however, 
calorie intakes were nearly identical, and the presence of the 
2 probiotic strains was highly unlikely to have affected growth, 
the primary outcome. 

There clearly is a need for effective interventions capable of 
decreasing obesity in childhood (47). Educational interventions 
have so far been only moderately successful (48). The promotion 
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of breast-feeding undoubtedly is an important weapon in efforts to 
curtail obesity. The use of low-protein feedings after 3 months, like 
the one used in the present study, expands the scope of possibilities 
for intervention. Whether the slowing of growth in the short term 
translates to a reduction of obesity risk in the long term remains to 
be determined. 
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